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(57) ABSTRACT 

The invention relates to a method for detecting hydrocarbon 
spill in an aqueous medium from a plurality of images of the 
Surface of the aqueous medium obtained by an infrared cam 
era comprising analysing an image of the plurality of images; 
checking whether at least one region that could be identified 
as spill is displayed in the image, in case of positive result, 
assessing whether the point representing a multidimensional 
vector of characteristics associated with the region is within a 
reference Zone defined in a multidimensional space, this ref 
erence Zone being representative of multidimensional vectors 
of characteristics of regions corresponding to real spills; if it 
is determined that the point representing the multidimen 
sional vector of characteristics is within the multidimensional 
reference Zone, generating a warning signal of spill. 
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INFRARED IMAGE BASED EARLY 
DETECTION OF OIL SPLLS IN WATER 

0001. The present invention relates to a method for detect 
ing hydrocarbon spill in an aqueous medium from a plurality 
of images of the Surface of the aqueous medium obtained 
through an infrared camera. More specifically, the invention 
relates to a method for early detection of hydrocarbon spills 
on aqueous Surfaces, such as sea surfaces, from images 
obtained through an infrared camera. 
0002 The invention further relates to an electronic system 
and a computer program Suitable for carrying out this method. 
0003. The invention may be used and installed in fixed 
platforms, boats, refinery marshlands and commercial and 
industrial ports. It further has other fields of application such 
as monitoring of vessels, detection of persons and/or tracking 
and predicting of the path of discharges or spills in an aqueous 
medium. 

STATE OF THE ART 

0004 Large accidental spills of hydrocarbons in general 
and oil in particular often have a great media impact and they 
usually raise the awareness of the public. Such spills tend to 
affect costs and they symbolize the problem of marine oil 
pollution. These spills, however, only represent between 10 
and 15 percent of all the oil reaching seas/oceans every year. 
0005 Along list could be obtained of oil tankers, oil wells 
and deep sea pipelines which, over the years, have caused 
major and spectacular accidental oil spills in the marine envi 
ronment. These spills have usually caused in the short and 
long term significant damages to coastal and marine habitats 
and ecosystems, seabirds, mammals, fishing and even people. 
0006. There may be other sources of marine pollution by 

oil or derivatives thereof that are not as spectacular, and 
therefore they may be not linked to marine oil pollution. For 
example, Sea oil pollution may also be caused by rainwater 
and/or by already polluted municipalities wastewater in 
many coastal facilities consuming oil and/or derivatives, by 
gaseous or liquid hydrocarbons from vehicles and/or power 
boat(s), etc. While these other sources do not have a media 
impact as major accidental leaks, they are often a large and 
endless spill of oil and/or derivatives to the marine environ 
ment. 

0007. A large part of the oil polluting the seas/oceans 
comes from natural sources such as natural seepages in the 
seabed, in which case they can not be avoided. But the largest 
and most important Source of oil reaching coastal and marine 
environments around the world is by far from land based 
Sources as a result of ordinary, everyday activities of humans. 
0008. As quoted by way of example, the Deep Water Hori 
Zon accident in the Gulf of Mexico opened the debate on the 
issue of early spill detection on a global scale. 
0009. Thus, oil spill detection in the marine environment 

is now a key discipline for the preservation of seas and oceans 
and, more importantly, their early detection. Once spills are 
detected, different techniques for separating and Subse 
quently removing them from the seawater may be applied. 
0010 
oil orderivatives in the sea are known in theart. Some of these 
devices are based on cameras for viewing portions of the sea 
so that oil spills are highlighted such that they can be detected 
with a given accuracy. 
0011 For example, document Application Story—Flir 
Thermal Imaging Cameras Ideal for Oil Detection, which 

Different types of devices for detection of spills of 
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can be found in, for example, the following web link: http:// 
www.flir.com/uploadedFiles/CS EMEA/Application Sto 
ries/Media/Downloads/Oilspill EN.pdf, discloses infrared 
cameras based on remote generation of images from accurate 
temperature measurement without physical contact with the 
object to be studied (in this case, oil spills). Basically, these 
infrared cameras are capable of identifying hydrocarbon 
spills on the Surface of an aqueous medium from thermal and 
emissive differences of substances that have been spilled or 
discharged relative to the Surface of the aqueous medium. 
0012 Measuring of these temperatures is carried out by 
acquiring infrared radiation of the electromagnetic spectrum, 
and this radiated energy is converted into temperature infor 
mation. Finally, Some images representing a sort of maps of 
detected temperatures are obtained, in which water and oil 
can be distinguished due to the different thermal properties of 
both elements. 
0013 However, these cameras and possible systems asso 
ciated therewith require constant and skilled monitoring and 
handling which often results in high operating costs and a 
certain risk of inaccuracy in the results of the overall spill 
detection process. Although these cameras provide for high 
quality resolution and/or accuracy, a poor operation thereof 
may also result in poor results. 

SUMMARY OF THE INVENTION 

0014. It is an object of the present invention to provide a 
method for detecting hydrocarbon spill in an aqueous 
medium from a plurality of images of the surface of the 
aqueous medium obtained by an infrared camera, which 
avoids at least some of the above mentioned known prior art 
disadvantages. 
0015. According to one aspect of the invention this is 
achieved by a method for detecting hydrocarbon spill in an 
aqueous medium from a plurality of images of the Surface of 
the aqueous medium obtained by an infrared camera, com 
prising: 

001.6 Analysing one image of the plurality of images of 
the Surface of the aqueous medium; 

0017 Checking whether at least one region that could 
be identified as hydrocarbon spill is displayed in the 
analysed image of the Surface of the aqueous medium; 

0.018. In case of positive result in checking, 
0019 Assessing whether the point representing a 
multidimensional vector of characteristics associated 
with the region that could be identified as an hydro 
carbon spill is within a reference Zone defined in a 
multidimensional space, this reference Zone being 
representative of multidimensional vectors of charac 
teristics of regions corresponding to actual hydrocar 
bon spills in an aqueous medium; 

0020. If it is determined that the point representing 
the multidimensional vector of characteristics associ 
ated with the region that could be identified as hydro 
carbon spill is within the multidimensional reference 
area, generating a warning signal of hydrocarbon spill 
in the aqueous medium. 

0021. Thus, through the definition of a reference area in a 
multidimensional space and through the characterization (by 
a multidimensional vector of characteristics) of each of the 
regions that could be considered as spills, it is possible to 
automatically determine the presence of a spill in the Sea (or 
any other aqueous or water medium), a spill alarm being 
generated without requiring the presence of an operator. For 
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this purpose, it is necessary to check whether the point rep 
resenting the multidimensional vector of characteristics asso 
ciated with the region that could be considered as a spill is 
within the reference Zone defined in the multidimensional 
space. If this is the case, the system implementing the method 
is capable by itself of generating the warning signal. 
0022. To obtain this multidimensional vector of character 
istics it is necessary to perform the analysis of an image (or 
frame) from the surface of the aqueous medium obtained by 
an infrared camera. More specifically, a video sequence of the 
Surface of the aqueous medium can be acquired or captured 
by the infrared camera which is subsequently converted into 
a plurality of images or frames. 
0023. While the above method is executed by the system, 
a new video sequence can be captured in parallel by the 
infrared camera, which will be analysed upon analysing the 
previously obtained video sequence. Of course if during an 
image analysis at least one region that could be identified as 
hydrocarbon spill is not detected, the system proceeds to 
analyse the next image in the plurality of images, that is, the 
method control returns to the image analysis step. 
0024 Preferably, analysing an image in the plurality of 
images of the Surface of the aqueous medium may comprise: 

0025 Segmenting the image of the surface of the aque 
ous medium in order to split the image into regions; 

0026. Obtaining a multidimensional vector of charac 
teristics representative of the static region that could be 
identified as hydrocarbon spill. 

0027 Segmenting the image under analysis allows obtain 
ing a binary image in black with found regions in white. Thus, 
the binary image of each detected region serves as a mask for 
the analysis of characteristics of the region, which facilitates 
the step of obtaining a multidimensional vector of character 
istics of each detected regions. 
0028 Moreover, analysing an image of the plurality of 
images of the Surface of the aqueous medium may further 
comprise: 

0029 Conditioning the image of the surface of the 
aqueous medium; 

and wherein segmenting the image of the Surface of the aque 
ous medium may comprise: 

0030 Segmenting the conditioned image. 
0031 Prior to the segmentation step it is possible to carry 
out an image pre-processing or pre-conditioning which has 
the purpose of enhancing results obtained in the segmentation 
step. For example, the image pre-processing may thus com 
prise: 

0032 Reducing noise in the image of the surface of the 
aqueous medium; 

0033 Correcting variations in the image intensity due 
to differences in the angle of the infrared camera relative 
to the Surface of the aqueous medium. 

0034) Image noise reduction may be regarded as the 
removal of ripple in the sea or aqueous medium, the ripple in 
the sea being considered as noise and the possible regions that 
may be identified as spill, being considered as relevant infor 
mation. 

0035. On the other hand, the distance darkening correction 
is intended to correct or compensate for the darkening effect 
that occurs in the image due to differences in the angle of the 
infrared camera relative to the Surface of the aqueous 
medium, resulting in the camera receiving different emissiv 
ity from the Surface of the aqueous medium as a result of such 
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angle differences, thus obtaining a more uniform image in 
terms of grey levels, with no loss of relevant information. 
0036. In addition, conditioning of the image of the surface 
of the aqueous medium may further comprise: 

0037. Identifying the aqueous medium in the image. 
0038. This step of the method is suitable so that further 
processing performed on the image under analysis is carried 
out only on the relevant area of the image, which is the 
aqueous medium, helping in achieving the goal of spill detec 
tion. In this way, possible misunderstandings during image 
processing (e.g., errors due to misidentified objects within the 
image) can be avoided and even a reduction of processing 
requirements of the system implementing the procedure may 
OCCU. 

0039. According to one embodiment of the invention, the 
multidimensional vector of characteristics associated with 
the region that could be identified as hydrocarbon spill may be 
the multidimensional vector of characteristics representative 
of the static region that could be identified as hydrocarbon 
spill. 
0040. Once the image analysis has been performed, which 
includes obtaining the multidimensional vector of character 
istics representative of the static region that could be identi 
fied as hydrocarbon spill, it is checked whether any region 
that could be identified as spill exists in the image. In case of 
a positive result in this checking, it is possible to determine 
whether the region really corresponds to a spill, assessing 
whether the multidimensional vector of characteristics repre 
sentative of the region is in the reference area set within the 
multidimensional space. As stated above, in case of a negative 
result in checking, the process control returns to the analysis 
step, since the analysed image does not provide information 
for spill detection. 
0041. By “multidimensional vector of characteristics rep 
resentative of the static region' is meant a vector of charac 
teristics representative of a region detected within a static 
image or frame, that is, the temporal evolution of the region in 
different frames is not taken into account. 
0042. According to a further embodiment of the invention, 
in case of a positive result in the checking of whether at least 
one region that could be identified as hydrocarbon spill is 
displayed in the analysed image of the Surface of the aqueous 
medium, the method may comprise: 

0.043 Checking whether the region has been previously 
entered into a data repository relating to areas that could 
be identified as hydrocarbon spill in the aqueous 
medium, the repository comprising an identifier of each 
region and a multidimensional vector of characteristics 
for each image analysed region; 

0044 
0045 entering an identifier of the region and the mul 
tidimensional vector of characteristics obtained from 
the region into the data repository, for the analysed 
image: 

0046) 
0047 entering the multidimensional vector of char 
acteristics obtained from the region for the analysed 
image into the data repository associated with the 
identifier of the region; 

0048 generating a multidimensional vector of char 
acteristics representative of the dynamics of the 
region, from the multidimensional vector of charac 
teristics associated with the identifier of the region; 

In case of a negative result in checking 

In case of positive result in checking, 
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and wherein the multidimensional vector of characteristics 
associated with the region that could be identified as hydro 
carbon spill is the multidimensional vector of characteristics 
representative of the dynamics of the region generated. 
0049. In the event that the temporal evolution of the region 
along different frames (or images) is desired to be taken into 
consideration in order to determine if this is a spill, the 
described steps can be performed. It is thus possible to use a 
data repository for storing the multidimensional vector of 
characteristics representative of the static region, for each 
image under examination, so that a plurality of these vectors 
are finally provided from which it is possible to obtain a 
multidimensional vector of characteristics representative of 
the dynamics of the region, that is, it is possible to obtain a 
vector of characteristics in which the temporal evolution of 
the region is represented through the different analysed 
images. 
0050 Alternatively, it is possible to obtain the multidi 
mensional vector of characteristics representative of the 
dynamics of the region from the processing of each of the 
multidimensional vector of characteristics representative of 
the static region, as is obtained by the system. Thus, for 
example, for the first multidimensional vector of characteris 
tics representative of the static region obtained (that is, the 
vector representative of the region for an image), the multi 
dimensional vector of characteristics representative of the 
dynamics of the region will be identical to the first vector. 
When a second multidimensional vector of characteristics 
representative of the static region (that is, the vector of char 
acteristics representative of the same region but for another 
image under analysis) is obtained by the system, the multidi 
mensional vector of characteristics representative of the 
dynamics of the region will be different since it already con 
tains information from both the first vector obtained and the 
second. In this way, the use of a data repository is avoided 
since the multidimensional vector of characteristics represen 
tative of the dynamics of the region is being obtained in real 
time. 

0051. At this point it is important to note that the dynamic 
characteristics Supplement but not replace the static charac 
teristics. If the static characteristics are initially collected on 
a vector V-V1, V2, V3, . . . vN and from this vector the 
dynamic characteristics, which are collected on a vector 
W=w1, w2, w3,..., wM, are calculated, the new vector of 
characteristics, having a static part and a dynamic part, is 
formed by X-IV1,V2, V3,...,VN, w1, w2, w8,..., wM. This 
new vector X is the one used for the generation of the alarm of 
spill. 
0052 According to a second aspect the invention a com 
puter program is provided comprising program instructions 
for causing a computer system to execute the method for 
detecting hydrocarbon spill in an aqueous medium from a 
plurality of images of the Surface of the aqueous medium 
obtained by an infrared camera, described above. 
0053. This computer program may be stored on physical 
storage media Such as recording media, a computer memory, 
or a read only memory, or it may be carried by a carrier wave, 
Such as electrical or optical. 
0054 According to a third aspect of the invention there is 
provided an electronic system for detecting hydrocarbon spill 
in an aqueous medium from a plurality of images of the 
Surface of the aqueous medium obtained by an infrared cam 
era, comprising: 
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0.055 Electronic means for analysing an image of the 
plurality of images of the Surface of the aqueous 
medium; 

0056 Electronic means for checking whether at least 
one region that could be identified as hydrocarbon spill 
analysed is displayed in the image of the Surface of the 
aqueous medium; 

0057. In case of positive result in checking, 
0.058 Electronic means for providing a multidimen 
sional vector of characteristics associated with the 
region that could be identified as hydrocarbon spill; 

0059 Electronic means for assessing whether the point 
representing the multidimensional vector of character 
istics associated with the region that could be identified 
as hydrocarbon spill is within a reference Zone defined in 
a multidimensional space, this reference Zone being rep 
resentative of multidimensional vectors of characteris 
tics in regions corresponding to actual hydrocarbon 
spills in an aqueous medium; 

0060 Electronic means for generating a warning signal 
of hydrocarbon spill in the aqueous medium, if it is 
determined that the point representing the multidimen 
sional vector of characteristics associated with the 
region that could be identified as hydrocarbon spill is 
within the multidimensional reference area. 

0061 Therefore, it is possible to execute the described 
method both from a computer program and from an electronic 
system, Such as a FPGA, ASIC, or a programmable logic 
controller. 
0062 According to further aspect the invention provides a 
computer system for detecting hydrocarbon spill in an aque 
ous medium, comprising: 

0.063. An infrared camera adapted for obtaining a plu 
rality of images of the Surface of the aqueous medium; 

0064. A memory and a processor containing instruc 
tions stored in the memory and executable by the pro 
cessor, the instructions comprising functionality for: 
0065 Analysing one image of the plurality of images 
of the surface of the aqueous medium obtained by the 
infrared camera; 

0.066 Checking whether at least one region that 
could be identified as hydrocarbon spill is displayed 
in the analysed image in the Surface of the aqueous 
medium; 

0067 in case of positive result in checking, 
0068 Providing a multidimensional vector of 
characteristics associated with the region that could 
be identified as hydrocarbon spill; 

0069 Assessing whether the point representing 
the multidimensional vector of characteristics 
associated with the region that could be identified 
as hydrocarbon spill is within a reference Zone 
defined in a multidimensional space, this reference 
Zone being representative of multidimensional vec 
tors of characteristics of regions corresponding to 
actual hydrocarbon spills in an aqueous medium; 
0070 If it is determined that the point represent 
ing the multidimensional vector of characteris 
tics associated with the region that could be iden 
tified as hydrocarbon spill is within the reference 
area multidimensional, generating a warning 
signal of hydrocarbon spill in the aqueous 
medium. 
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0071. The invention further provides a method for detect 
ing hydrocarbon spill on the Surface of an aqueous medium, 
comprising: 

0072 Receiving a warning signal of detection of hydro 
carbon spill in the aqueous medium generated from at 
least one image obtained by a radar; 

0073 Checking whether there is an infrared camera 
capable of monitoring the spill; 

0074. In case of negative result, 
0075 Generating a warning signal of detection of 
hydrocarbon spill in the aqueous medium from the 
warning signal of detection generated from the at least 
one image obtained by a radar, 

0076. In case of positive result, 
0077 Executing the method for detecting hydrocar 
bon spill in an aqueous medium from a plurality of 
images of the Surface of the aqueous medium 
obtained by an infrared camera, as described above. 

0078 Thus, a method for detecting a spill can be executed 
involving data provided by two sensors based on different 
physical principles, that is, a radar and an infrared camera, 
which provides a number of advantages. Such as greater oper 
ability (more operating hours per year) and lower probability 
of false alarms. Basically, the advantage of the radar that 
allows large areas to be covered within a short time (although 
it has a high false alarm rate) is combined with the advantages 
of the infrared camera, the most glaring of which is the fact 
that it has a good coverage area (although not as large as that 
of the radar), allows detection in the shadow Zone of the radar 
(this feature being especially important in fixed installations), 
and since they are passive elements, they do not pose any 
security risk to human beings or the environment. 
0079. Depending on weather conditions, the radar can act 
as a primary sensor, constantly monitoring the area of interest 
of the Surface of the aqueous medium and capturing video 
sequences which are Subsequently analysed through an algo 
rithm for interpretation of these images. The output of this 
interpretation algorithm indicates whether there is a possible 
spillor not and, in case of spill, it can also provide information 
on the spill. Such as its geographic position (geo-location) or 
the extent of the spill. 
0080. In the event that the algorithm output result corre 
sponds to the absence of spill, the next image obtained by 
radar is processed by this interpretation algorithm. 
0081. In the event that the result of the output of this 
algorithm corresponds to a possible spill, this output feeds the 
input of the system that executes the method for detecting 
hydrocarbon spill in an aqueous medium from a plurality of 
images of the Surface of the aqueous medium obtained by an 
infrared camera, described above. The infrared camera acts as 
a secondary sensor So that when an indication of a possible 
spill from the radar interpretation algorithm is received, a 
video sequence of the area of interest of the surface of the 
aqueous medium is captured for further processing, as 
described above. 
0082. On the other hand, if weather conditions do not 
allow the conditions of the Surface of the aqueous medium to 
be detected by the radar, the infrared camera acts as a single 
automatic monitoring sensor. In this case, all of the above is 
applicable to the infrared camera when running standalone. 
0083. According to one embodiment of the invention, in 
case of positive result in checking whether there is an infrared 
camera Suitable for monitoring the spill, the method may 
comprise: 
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0084 Positioning the infrared camera. 
I0085. The method may further comprise: 

I0086 Receiving the geographical position of hydrocar 
bon spill in the aqueous medium; 

and wherein checking whether there is an infrared camera 
capable of monitoring the spill comprises checking whether 
there is an infrared camera capable of monitoring the Surface 
of the aqueous medium that is in the received geographical 
position. 
I0087 Furthermore, the invention further provides a com 
puter program comprising program instructions for causing a 
computer system to execute the method for detecting hydro 
carbon spill in an aqueous medium, as described above. 
I0088. This computer program may be stored on physical 
storage media Such as a recording media, a computer 
memory, or a read only memory, or it may be carried by a 
carrier wave. Such as electrical or optical. 
I0089. Furthermore, the invention provides an electronic 
system for detecting hydrocarbon spill on the Surface of an 
aqueous medium, comprising: 

0090 Electronic means for receiving a warning signal 
of detection of hydrocarbon spill in the aqueous medium 
from the warning signal of detection generated from at 
least one image obtained by a radar; 

0.091 Electronic means for checking whether there is an 
infrared camera capable of monitoring the spill; 

0092. In case of negative result, 
0093 Electronic means for generating a warning sig 
nal of detection of hydrocarbon spill in the aqueous 
medium from the warning signal of detection gener 
ated from the at least one image obtained by a radar, 

0094. In case of positive result, 
0.095 Electronic means for executing the method for 
detecting hydrocarbon spill in an aqueous medium 
from a plurality of images of the Surface of the aque 
ous medium obtained by an infrared camera, as 
described above. 

0096 Finally, the invention provides a computer system 
for detecting hydrocarbon spill in the Surface of an aqueous 
medium, comprising: 

0097. At least one radar: 
0098. At least one infrared camera; 
0099. A memory and a processor containing instruc 
tions stored in the memory and executable by the pro 
cessor, the instructions comprising functionality for: 
0100 Receiving a warning signal of detection of 
hydrocarbon spill in the aqueous medium generated 
from at least one image obtained by the radar; 

0101 Checking whether there is an infrared camera 
capable of monitoring the spill; 

01.02 
0103 Generating a warning signal of detection of 
hydrocarbon spill in the aqueous medium from the 
warning signal of detection generated from the at 
least one image obtained by a radar; 

0104. In case of positive result, 
0105 Executing the method for detecting hydro 
carbon spill in an aqueous medium from a plurality 
of images of the Surface of the aqueous medium 
obtained by an infrared camera, as described 
above. 

In case of negative result, 
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0106 Further objects, advantages and features of embodi 
ments of the invention will become apparent to those skilled 
in the art from the description or may be learned by practice 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0107 Particular embodiments of the present invention 
will be now described by way of a non-limiting example, with 
reference to the accompanying drawings in which: 
0108 FIG. 1 shows a flowchart representative of the 
method for detecting hydrocarbon spill in an aqueous 
medium from a plurality of images of the surface of the 
aqueous medium obtained by an infrared camera according to 
one embodiment of the present invention: 
0109 FIG. 2 shows the result of applying a function for 
removing the ripple of the sea on a first image (a), which 
represents the Snapshot (or frame) of the sea, wherein an 
image (b) representing the image average is obtained; 
0110 
detection of areas of interest (ROI) within the images 
obtained by the infrared camera; 
0111 FIG. 4 shows the result of applying a correction 
factor on the first image (a), which corresponds to image (b) 
in FIG. 2, for obtaining the image (b), where the darkening 
effect in the area of the sea surface farthest from the camera is 
reduced due to differences in the angle of the infrared camera 
relative to the sea surface; 
0112 FIG. 5 shows a diagram of a gradient image with a 
selected cell during image segmentation step: 
0113 FIG. 6 shows a histogram chart calculated for the 
cell selected in FIG. 5; 
0114 FIG. 7 shows different images representing the evo 
lution of one image of the Surface of an aqueous medium 
obtained by an infrared camera, in a first test, during which 
the method according to the invention shown in FIG. 1 is 
executed; 
0115 FIG. 8 shows different images representing the evo 
lution of an image of the Surface of an aqueous medium 
obtained by an infrared camera, in a second test, during which 
the method according to the invention shown in FIG. 1 is 
executed; 
0116 FIG.9 shows different images representing the evo 
lution of an image of the Surface of an aqueous medium 
obtained by an infrared camera, in a third test, during which 
the method according to the invention shown in FIG. 1 is 
executed; 
0117 FIG. 10 shows different images representing the 
evolution of an image of the Surface of an aqueous medium 
obtained by an infrared camera, in a fourth test, during which 
the method according to the invention shown in FIG. 1 is 
executed; 
0118 FIG. 11 shows different images representing the 
evolution of an image of the Surface of an aqueous medium 
obtained by an infrared camera, in a fifth test, during which 
the method according to the invention shown in FIG. 1 is 
executed; 
0119 FIG. 12 shows a flowchart of the method for detect 
ing spill according to the invention when a radar and an 
infrared camera are used as sensors. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0120 Preferred embodiments of the invention will be 
described below in which the aqueous medium is the sea. In 

FIG. 3 shows different examples (a) and (b) of 
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addition, preferred embodiments of the method according to 
the invention will be described, which can be implemented 
from an electronic system, such as a FPGA, comprising all the 
electronic means necessary for executing the method accord 
ing to the invention. 
I0121 Alternatively, the method may be also implemented 
from a computer program, or a plurality thereof, running on a 
Suitable information system, such as a desktop computer. 
I0122. As shown in FIG. 1, starting from an initial situation 
10 in which the method is caused to start, a preferred embodi 
ment of the method for detecting hydrocarbon spill in the sea 
from a plurality of images of the surface of the sea obtained by 
an infrared camera, according to the invention basically com 
prises: 

0123 Analysing 11 one image of the plurality of images 
of the surface of the sea; 

0.124 Checking 12 whether at least one region that 
could be identified as hydrocarbon spill is displayed in 
the analysed image of the Surface of the sea; 

0.125 in case of positive result in checking, 
0.126 Assessing 13 whether the point representing a 
multidimensional vector of characteristics associated 
with the region that could be identified as hydrocar 
bon spill is within a reference Zone defined in a mul 
tidimensional space, this reference Zone being repre 
sentative of vectors of multidimensional 
characteristics of regions corresponding to actual 
hydrocarbon spills in the sea; 
0127. If it is determined that the point representing 
the multidimensional vector of characteristics 
associated with the region that could be identified 
as hydrocarbon spill is within the multidimensional 
reference area, generating 14 a warning signal of 
hydrocarbon spill in the aqueous medium 

I0128. At this point it is important to note that the plurality 
of images of the Surface of the aqueous medium can be 
obtained from a video file generated by the infrared camera, 
so that the plurality of images corresponds to a plurality of 
frames of the video file. 
I0129. Alternatively, a real time video signal from the infra 
red camera may be received by the system so that the video 
signal may be analysed frame by frame by the system in order 
to detect a spill. Therefore, in this case, no video file would be 
generated by the infrared camera. 
0.130. On the other hand, it is also important to note that the 
method can be executed several times until the presence of a 
region that could be identified as hydrocarbon spill is deter 
mined in one of the images of the plurality of images obtained 
by the infrared camera. Therefore, if the result of the 
described checking is negative, that is, at least one region that 
could be identified as hydrocarbon spill is not displayed in the 
analysed image of the Surface of the aqueous medium, the 
method will be restarted with the following or another image 
of the plurality of images captured by the infrared camera 
being analysed. 
I0131 Similarly, if more than one region that could be 
identified as hydrocarbon spill is displayed it has to be 
assessed whether the point representing the multidimensional 
vector of characteristics associated with each region that 
could be identified as hydrocarbon spill is within the refer 
ence area defined in the multidimensional space described 
above. In case that it is determined that a region corresponds 
to a spill, an alarm can be generated directly, or the method 
can still be executed until assessment of each of the vectors of 
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characteristics is completed to determine the relevance of the 
spill, and Subsequently generating an alarm of spill. With this 
latter configuration more information about the spill can be 
obtained (e.g., geographical position, extent or shape), all this 
information being provided together with the alarm of spill. 
0.132. As described, the method comprises a first step of 
analysing the image of the Surface of the sea which, in turn, 
comprises: 

0.133 Performing an image pre-processing: 
I0134) Performing a segmentation of the pre-processed 
image, and 

0.135 Performing an extraction of the vector of charac 
teristics of each segmented region of the image. 

0.136 Performing the pre-processing of the image under 
analysis (more specifically, conditioning of the image) is 
Suitable to promote or facilitate Subsequent segmentation. 
0.137 In order to perform such pre-processing or condi 
tioning of the image it is desirable to mainly execute three 
functions: 

0.138 Removing ripple of the sea shown in the image: 
0.139 Providing the region of interest (hereinafter 
referred to as ROI) on which the rest of the processing is 
to be performed. Basically, it is a matter of detecting the 
Sea or the aqueous medium within the image or frame 
under analysis, and 

0140 Correcting the variation on image intensity due to 
differences in the angle of the infrared camera relative to 
the surface of the sea. 

0141 For executing the first function, that is, for removing 
ripple of the aqueous medium as shown in the image, an 
averaging of obtained frames is performed. For this purpose, 
sea ripple is considered as noise and possible hydrocarbon 
spills as relevant information. Therefore, by performing the 
frame averaging signal to noise ratio is improved as shown in 
FIG. 2. Clearly, between the image (a), representing the Snap 
shot (or frame) of the aqueous medium (i.e., the frame 
obtained from the video file generated by the infrared cam 
era), and the image (b) in FIG. 2, representing the image 
averaging, a removal of the ripple of the aqueous medium 
OCCU.S. 

0142. Such frame averaging is performed on a number of 
frames “n” with said number “n” being configurable. The 
more frames are averaged, the greater is the removal of the 
ripple of the sea. The resulting image is obtained for each 
pixel by: 

0.143 Adding the grey level of that pixel into each 
frame, and 

0144) Dividing the resulting value by the value of inte 
grated frames “n”. 

0145 That is, this could be expressed mathematically as 
follows: 

of the averaged image, wherein: 
014.6 X: the horizontal coordinate; 
0147 y: the vertical coordinate; 
0148 n: the frame number (1st, 2nd, 3rd . . . ); 
0.149 m: the number of frames, and 
0150 p(x, y): a point within the frame. 

0151. With regard to the second function within pre-pro 
cessing with regard to the provision of the ROI on which the 
rest of the processing is to be performed, according to a 
preferred embodiment of the invention, “n” input frames are 
taken and pixel grey values during the “n” frames are stored 
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and a discrete cosine transform (DCT) is performed on these 
values. It should be noted that such ROI detection is per 
formed on the averaged image obtained from application of 
the above described first function. The grid representing the 
pixel belongs to the ROI if the spectral power of this pixel 
level of grey is above a set threshold. 
0152 Examples of ROI detection can be seen in FIG. 3. 
Thus, the image (a) of this figure shows how the described 
second function applied is capable of selecting virtually the 
entire surface of the sea, while the image (b) of the figure 
shows how the function is also capable of selecting virtually 
the entire surface of the sea, avoiding the figure of the boat in 
the image. ROI detection is represented by a thick black line. 
0153 Finally, with respect to the darkening distance cor 
rection (i.e., the correction of the image intensity variation), 
corresponding to the third function of the image pre-process 
ing within the analysis thereof, according to a preferred 
embodiment of the invention, a correction suitable for obtain 
ing a more uniform image in terms of grey levels with no loss 
of relevant information is applied. 
0154 More specifically, as shown in FIG.4, in the image 
(a), which corresponds to the image (b) in FIG. 2 with the 
detected ROI, i.e. it is the image averaged during the step of 
removing the ripple of the sea shown in the image and on 
which at least one ROI has been detected, a darkening effect 
at the upper part thereof corresponding to the area of the 
surface of the sea farthest from the camera is produced. This 
is due to differences in the angle of the infrared camera 
relative to the sea surface, which makes the emissivity cap 
tured by the infrared camera to be different. With the purpose 
of obtaining the image (b) in FIG. 4, a correction factor is 
applied that is calculated from the study of the averaged 
image represented by the image (a) of this figure. More spe 
cifically, the image is divided into columns, within each of 
which the first derivative of the grey level in the vertical 
direction is calculated and the correction factor is obtained for 
that column. With the resulting values of each column an 
overall correction factor is generated that corrects this effect. 
0155 Once the image pre-processing has been performed 
and following the image analysis a segmentation of the result 
ing image is performed with the purpose of separating the 
objects in the background image. 
0156 For this purpose, the pre-processed image and the 
ROI are taken as an input and a binary image in black, with the 
found objects in white, is generated as an output. 
0157. The segmentation of the resulting image involves 
the following steps: 

0158 Mean-shift segmentation: it allows an iterative 
search for clusters in the image corresponding to local 
maximum values of estimated probability density distri 
bution by a kernel K. Those pixels in spatial proximity 
whose gradient is below a threshold are grouped by the 
algorithm, with the various image components being 
thus separated. 

0159 Study the mean-shift segmentation image: the 
gradient operator is applied to the image obtained by the 
mean-shift segmentation and this is studied locally by 
dividing the image into cells and calculating the number 
of white pixels in each one of them. This number of 
white pixels represents the level of sea temperature 
change: the higher the temperature change, the more the 
white pixels. If this number exceeds a threshold value, 
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the selected cell is marked as being useful for Subsequent 
thresholding. Cell selection on the image gradient is 
shown in FIG. 5. 

0160 Turning to the Mean-Shift segmentation image, 
the histogram is calculated in the same cells marked in 
the previous step, obtaining a histogram in each cell with 
a bimodal distribution, such as that shown in FIG. 6. This 
histogram distribution allows two distinct classes within 
that cell to be separated. The grey level used for thresh 
olding is the grey level of the overall minimum of the 
histogram. 

0.161 Finally, a global thresholding of the image 
obtained from the mean-Shift segmentation is per 
formed. With all the overall minimum obtained, the 
overall threshold is calculated with which the final 
thresholding is performed yielding a binary image with 
the segmented regions differing from the background, 
and which may correspond to possible spills. The binary 
image of each detected region serves as a mask for the 
analysis of characteristics of the region. 

0162. Once the binary image obtained with the segmented 
regions, and according to a preferred embodiment of the 
invention, certain characteristics from each of the segmented 
regions are extracted. With the characteristics obtained for 
each region a multidimensional vector of characteristics asso 
ciated therewith is generated or obtained. 
0163 For extracting characteristics of each region the 
“cvBlobsLib' library from OpenCV suitable for extracting 
Blobs (Binary Large Objects) can be used, so that the con 
nected components of the image are provided. In order to find 
the connected components, the algorithm checks the connec 
tivity between pixels, which are connected if they can find a 
way for which the values of the pixels have the same value 
along the way. Basically the binary image obtained above (an 
image only with two colours, white/black) is passed to blobs 
as the input, and white (or black) pixels and whose binding 
way may be made without going through a black (or white) 
pixel are grouped, giving an object list defined primarily by 
their geometrical characteristics as the output. Therefore, 
each group of white (or black) pixels takes a given shape 
involving an area, a perimeter, a spatial moment, and so on. In 
summary, the received binary image is “interpreted by the 
Blobs as the input and the shapes they find are output. 
0164. From these obtained shapes of the different regions 
shown in the binary image it is possible to obtain certain 
characteristics that form the multidimensional vector of char 
acteristics thereof, these vectors allowing a correct classifi 
cation of the regions they represent to be performed. 
0.165 According to a further embodiment of the invention, 
with the purpose of reducing processing time and releasing 
processing resources, prior to obtaining all necessary charac 
teristics to generate the vector of characteristics of each 
region, it is possible to obtain only a part of these character 
istics (e.g., size and geometry of each region), to perform a 
first classification of regions. Thus, those isolated and Small 
regions are removed (i.e., based on their size) as well as those 
regions defined by straight lines or containing elements with 
straight sections of Sufficient size (i.e., based on geometry) 
such that it will be only necessary to obtain the vector of 
characteristics of those regions having passed this first clas 
sification. 

0166 The multidimensional vector of characteristics rep 
resentative of each region can be formed by the following 
morphological and texture metrics: 
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0.167 1. Perimeter: 
0168 2. Average of grey levels of blob pixels; 
0169. 3. Standard deviation of grey levels of blob pix 

els; 
0170 4. Spatial moments; 
(0171 5. Central moments: 
0172 6. Invariant moments; 
0173 7. Texture features: Entropy, contrast, homogene 

ity, correlation, energy. 
0.174. In one a preferred embodiment of the invention, 
each vector of characteristics comprises 8 parameters repre 
sentative of the region, which are obtained from the different 
morphological and texture metrics of the above described 
region (it is therefore a 8-dimension vector of characteristics). 
These parameters are as follows: 

(0175 Perimeter; 
0176 x coordinate of the mass centre: 
0.177 y coordinate of the mass centre; 
0.178 Surface: 
(0179 Entropy (texture); 
0180 Contrast (texture): 
0181 Homogeneity (texture); 
0182 Correlation (texture). 

0183 Clearly, the number of parameters to be considered 
for the vector of characteristics may vary from application to 
application. As a general rule, it will be necessary to take into 
account all those parameters characterizing correctly and Suf 
ficiently the regions. 
0.184 Therefore, for each region identified in the binary 
image this octodimensional vector of characteristics is 
obtained, which allows the classification of each of the 
regions to be subsequently performed, discarding those 
detected regions which due to their characteristics are 
unlikely to correspond to a spill. This vector of characteristics 
is defined as a multidimensional vector of characteristics 
representative of the static region that could be identified as 
spill, i.e. it is a vector of characteristics associated with a 
particular region and image (or frame). 
0185. Three characteristics used to filter the regions are 
contemplated: 

0186 1. Size. Small and isolated regions are removed. 
0187 2. Geometry. Those regions defined by straight 
lines or containing elements with straight sections of 
sufficient size are removed. 

0188 3. Texture. Texture is a measure of properties such 
as roughness, homogeneity and regularity and it is used 
within this context to filter out those elements that do not 
correspond to known statistics of the spot, such as dif 
ferent types of objects, algae. The algorithm used for 
texture analysis is the grey level co-occurrence matrix 
(GLCM) in which second-order statistics of the GLCM 
matrix is measured in order to extract various parameters 
relating to texture: 
0189 Correlation: it measures the similarity between 
neighbouring pixels. It takes values ranging from 1 
(identical neighbouring pixels) to -1 (different neigh 
bouring pixels). 

0.190 Contrast: also referred to as “sum of the square 
variances”. It provides a measure of how much the 
differences of grey levels vary. 

0191 Entropy: it is a measure of uniformity of the 
histogram, the closer to uniform distribution (i.e. a 
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more random texture) the higher the entropy. Con 
versely, the softer the texture (less random) the lower 
the entropy. 

0.192 Homogeneity: also referred to as “inverse dif 
ference moment'. As the term Suggests, it is related to 
texture homogeneity. This measure becomes large 
when contrast has a low value. 

0193 Energy: also known as “uniformity”. It pro 
vides the sum of the squares of the GLCM matrix 
elements. 

0194 Taking these characteristics into account a prelimi 
nary static classification can be performed, in which distinc 
tion is made between spots (that is, spills) and image back 
ground, and based on a discrimination function spots having 
a texture similar to the background image are discarded. 
(0195 Obviously, if the above described first classification 
has been performed, this second classification will only be 
based on the texture of the region, since the size and geometry 
have been already assessed during the first classification. It is 
assumed that regions reaching this second classification meet 
size and geometry established requirements. 
0196. In case that the image comprises a region that could 
be identified as hydrocarbon spill (i.e., meeting size, geom 
etry and texture established requirements), it is possible to use 
its octodimensional vector of characteristics (note that the 
multidimensional vector of characteristics and the number of 
dimensions depend on the parameters of the region contem 
plated in the vector) for determining whether the region is 
indeed a spill and thus generating an alarm of spill. 
(0197) Thus following the above established method 
shown in FIG. 1, if the image under analysis comprises a 
given region that could be identified as hydrocarbon spill, it 
must be assessed whether the point representing the multidi 
mensional vector of characteristics associated with the region 
that could be identified as hydrocarbon spill (i.e., the octodi 
mensional vector of characteristics representative of the static 
region that could be identified as spill) is located within a 
reference Zone defined in a octodimensional space, said ref 
erence Zone being representative of octodimensional vectors 
of characteristics of regions corresponding to actual hydro 
carbon spills in the sea. 
0198 If it is determined that the point representing the 
octodimensional vector of characteristics associated with the 
region that could be identified as spill is within the multidi 
mensional reference area, a warning signal of hydrocarbon 
spill in the sea is generated. 
0199. Obviously, before performing the above mentioned 
assessment, it is essential to obtain the reference Zone defined 
in the octodimensional space. For this purpose, images 
obtained by an infrared camera showing actual hydrocarbon 
spills in the sea are analysed, and vectors of characteristics are 
obtained for regions that meet size and geometry established 
requirements. Each of these vectors of characteristics 
obtained is a point in the octodimensional space, so that a 
cloud of these points yields the reference Zone. 
0200. In the case that the point representing the vector of 
characteristics of a region that could be identified as spill is 
within the reference Zone established in the octodimensional 
space, the electronic system implementing the method inter 
prets that the region corresponds to an actual spill and it 
generates a warning signal indicative of the occurrence of 
spill. 
0201 According to one embodiment, the above described 
assessment on whether the point representing the octodimen 
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sional vector of characteristics associated with the static 
region that could be identified as a spill is within the multi 
dimensional reference area may be ignored and tracking of 
the evolution over time of the spill can be performed from 
which an alarm of a spill is generated or not. 
0202 In this tracking step, time consistency is assigned to 
instantaneous detections in the previous step. 
0203 The input data of the tracking step have the follow 
ing characteristics: 

0204 There is a variable number of objects that can not 
be distinguished from each other only with their instan 
taneous characteristics. These objects: 
0205. Appear at random positions in the space and at 
random times. 

0206 Are characterized by continuously evolving 
parameters (e.g. continuous movement, in case of 
position). 

0207 Persist for a random time and eventually dis 
appear. 

0208 Object detections occurat random time intervals. 
0209. The measurements are noisy, such that: 

0210. The probability of detection is <100%. 
0211 False alarms occur. 

0212. The purpose of tracking is to relate each detection 
with a target persistent over time. Thus, the target is built on 
detections, which are integrated causing a behaviour compat 
ible with the actual physical dynamics. 
0213. The tracking system maintains a database with tar 
gets present in the system. All the targets are in this database, 
regardless of whether they are classified as spills or not, as this 
is a Subsequent process. 
0214. Two sub-processes are required for tracking: 
0215 Data association; 
0216 State estimation. 

0217. Data association consists in allocating frame detec 
tions with database targets. In case this association is not 
possible, a new tentative target will be then created. 
0218. There are different methods for data association: 
NN (Nearest Neighbour), MHT (Multiple Hypothesis 
Tracker), JPDAF (Joint Probabilistic Data Association Filter, 
etc.). 
0219. Data association is a mathematical problem of the 
NP-hard (non-deterministic polynomial-time hard) type, 
which means that its resolution is costly in time. 
0220 According to one preferred embodiment, the NN 
method is used since: 

0221. It is easier to implement. 
0222. It does not require to know in detail statistical 
distributions of noise (the JPDAF does). 

0223 The MHT method is far more complex and it 
offers better time consistency. However, this application 
does not need this time consistency (understood as target 
identification) but obtaining the ability of classifying 
between detecting spill/no spill and NN is enough for 
this. 

0224 However, any other data association method could 
be used, for example any of those described above. 
0225. The NN implementation for this system comprises 
the following processes: 

0226 Creating an array of detection-target distances: 
0227. A windowing process is first used for removing 
unlikely associations; 

0228 Mahalanobis distance is calculated between 
detection and all targets within the window. 
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0229 Selecting the best association: 
0230. Due to the characteristic of being a NP-hard 
problem, a heuristic method is used for reaching a 
suboptimal solution in a short time. This suboptimal 
Solution is based on giving priority to the association 
of largest detections, as they are considered less sen 
sitive to noise effects. 

0231. On the other hand, state estimation consists in 
removing/reducing noise from detection measurements on 
the video sequence. 
0232 State estimation is typically performed with a Kal 
man filter, although it is possible to use other tools for per 
forming this estimation. The basic Kalman filter assumes a 
physical model of linear dynamic behaviour and Gaussian 
distributions of noise. 
0233. The main constraints of the Kalman filter are gen 
erally due to the fact that the real physical system does not 
behave exactly as the model: 

0234 Nonlinear dynamics; 
0235 Non Gaussian noise. 

0236. There are variations of the Kalman filter that can be 
used in non-linearity situations, but they have disadvantages 
Such as an increased complexity and occurrence of instabili 
ties. Therefore, a standard Kalman filter is used in this system. 
0237. The dynamic classification is the process that 
decides whether a target detected in the video sequence is a 
spill or not. To do this, the temporal evolution of the charac 
teristic parameters of the targets is observed, that is, an octo 
dimensional vector of characteristics representative of the 
dynamics of region is obtained based on Octodimensional 
vectors of characteristics representative of the static region 
that could be identified as spill. 
0238 According to one embodiment of the invention the 
rate of change of the parameters is only considered: growth 
rate (increase in area/perimeter), travel speed, rate of change 
of texture. ... This speed estimation is performed as a part of 
the state estimation, within the tracking module. 
0239. In order to characterize the evolution of spills over 
time training videos are used from which typical rates of 
change are extracted. For this purpose, the data analysis and 
recording infrastructure which was already developed is used 
to adjust the above processes. 
0240 More specifically, it is assessed whether the point 
representing the octodimensional vector of characteristics 
representative of the dynamics in each region that could be 
identified as spill is located within a reference Zone repre 
sented in the octodimensional space, although in this case the 
reference area is obtained from typical rates of change deter 
mined from training videos, as stated above. 
0241 The result of the classification is that only spills are 
marked as alarms and not other objects in the scene, i.e., a 
warning alarm signal of spill is generated if the octodimen 
sional vector of characteristics representative of the dynamics 
of one of the regions is within the reference Zone of the 
octodimensional space. 
0242. At this point it is important to note that the octodi 
mensional vector of characteristics representative of the 
dynamics of each region can be obtained in different ways. 
0243 Thus, this vector can be obtained by using a data 
repository (e.g. a database) and the method steps are as fol 
lows: 

0244 Checking whether the region has been previously 
entered into the database relating to areas that could be 
identified as spill, the database comprising an identifier 
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of each region and at least one octodimensional vector of 
characteristics of the region for each image (or frame) 
analysed; 

0245. In case of negative result in checking 
0246 Entering into the database an identifier of the 
region and the static octodimensional vector of char 
acteristics obtained from the region, for the analysed 
image: 

0247 
0248 Entering into the database, associated with the 
identifier of the region, the static octodimensional 
vector of characteristics obtained from the region, for 
the analysed image; 

0249 Generating the octodimensional vector of 
characteristics representative of the dynamics of the 
region from the static octodimensional vector of char 
acteristics associated with the identifier of the region. 

In case of positive result in checking, 

0250 Alternatively, the octodimensional vector of charac 
teristics representative of the dynamics of the region can also 
be obtained from continued processing of the static octodi 
mensional vectors of characteristics that are received by the 
electronic system for a given region. Thus, it is not necessary 
to use a database since the static octodimensional vectors of 
characteristics associated with the region do not need to be 
stored. 
0251. In order to check the proper operation of the inven 
tion, a series of tests has been conducted in a test channel 
intended to simulate an environment similar to the one that 
can be found in the marine environment so that these tests are 
as representative as possible. It is important to emphasize that 
this test channel allows various weather conditions to be 
simulated. 

0252. The most important technical characteristics of the 
test channel are the following: 

0253) The channel is 6 meters long, 1.2 meters wide and 
1.3 meters high; 

0254. It is made of stainless steel; 
0255. It is provided with a pump allowing recirculation 
of water in the channel so that its homogenization is 
achieved; 

0256. It has a removable central partition which purpose 
is to restrict the test Surface and to facilitate cleaning; 

0257. It is provided with two resistors at the ends 
thereof to heat the water within the channel, these resis 
tors being controllable automatically; 

0258. It is provided with a glycol cooler to achieve the 
cooling of water within the channel, this cooler receiv 
ing water diverted by the above mentioned recirculation 
pump; 

0259. It is provided with a wave generator comprising 
basically a piston-driven metal blade, with the speed 
being adjustable; 

0260. It is provided with two fans, one being fixed and 
the other being movable, intended for wind generation, 
the intensity of which is controlled by a frequency con 
verter; 

0261. It is provided with two halogen lights, one being 
fixed and the other being movable, to simulate Sunlight 
reflections; 

0262. It is provided with a number of sprinklers to simu 
late rain, whose intensity can be regulated by means of a 
valve; 
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0263. It is provided with a gutter along the channel 
which, once filled with water and dry ice (CO), fog is 
generated, its intensity being adjustable from the 
amount of dry ice used; 

0264. It is provided with an infrared camera, mounted 
on a top platform with reference to the channel arranged 
approximately 2.5 meters from the water Surface (mini 
mum focus distance of 2.1 meters), which also allows 
the angle of incidence to be varied with respect to water 
Surface; 

0265. It is provided with a stand-alone sensor allowing 
air temperature to be adjusted between 18 and 30° C. 
approximately. 

0266 The infrared camera used is, for example, a model 
SR-340, T18057 camera available from FLIR. 
0267 Test results are shown in FIGS. 7 to 11, which are 
obtained from recordings of hydrocarbon spill in the tank 
under different situations. In these figures, the image (a) 
shows the frame obtained from the video file generated by the 
infrared camera; the image (b) represents the image after 
being pre-processed; the image (c) represents the image after 
being segmented; and image (d) shows the selection of the 
region(s) classified as spill. 
0268. The results are as follows: 

Test 1 

Test Conditions: 

0269. Type of hydrocarbon: Lubina 
0270. Amount of hydrocarbon: 1 ml 
(0271 Water temperature: 24.4° C. 
(0272 Room temperature: 18.7°C. 
0273 Wind: weak wind 
0274 Fog: no fog 
0275 Rain: no rain 

0276 Under these conditions, and as shown in FIG. 7, the 
invention performs a correct detection of the spot, with other 
Small items that may be due to water currents being discarded. 

Test 2 

Test Conditions: 

(0277. Type of hydrocarbon: Lubina 
0278 Amount of hydrocarbon: 1 ml 
(0279 Water temperature: 27°C. 
(0280 Room temperature: 22°C. 
(0281 Wind: no wind 
0282 Fog: no fog 
0283 Rain: no rain 

0284 Under these conditions, and as shown in FIG. 8, 
different spots having an area larger than the established 
threshold are observed. 

Test 3 

Test Conditions: 

(0285 Type of hydrocarbon: Lubina 
0286 Amount of hydrocarbon: 1 ml 
(0287 Water temperature: 19.5° C. 
(0288 Room temperature: 19.6°C. 
0289 Wind: 5 m/s 
0290 Fog: no fog 
0291 Rain: no rain 
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0292 Under these conditions, and as shown in FIG.9, the 
two spots are correctly detected. Both spots have an area 
larger than the established threshold. 

Test 4 

Test Conditions: 

0293 Type of hydrocarbon: Lubina 
0294 Amount of hydrocarbon: 1 ml 
0295 Water temperature: 29.5° C. 
0296 Room temperature: 20° C. 
0297 Wind: no wind 
0298 Fog: fog 
0299 Rain: no rain 

0300 Under these conditions, and as shown in FIG.10, the 
spot in the centre of the tank in the presence of fog is detected. 

Test 5 

Test Conditions: 

0301 Type of hydrocarbon: Lubina 
0302 Amount of hydrocarbon: 1 ml 
0303 Water temperature: 18.3° C. 
0304 Room temperature: 19°C. 
0305 Wind: no wind 
0306 Fog: no fog 
0307 Rain: rain 

0308 Under these conditions, and as shown in FIG. 11, 
spots are detected while they are not completely dispersed. In 
this case it is important to note that the test was performed by 
depositing the crude into the tank and then activating the rain. 
0309. A further possible embodiment of the invention 
refers to the combination of an infrared camera and a radar 
where two different sensors based on different principles are 
provided, which has important advantages: 

0310 Increased operability (operating hours per year); 
0311 Less chance of false alarms. 

0312 The radar is a sensor capable to identifying changes 
in Surface roughness, while the infrared camera is capable of 
detecting differences of the substances in terms of thermal 
and emissivity. Emissivity is a property of the Substances that 
affect the contrast of the image captured with an infrared 
camera. It is known in the prior art that emissivity differences 
between hydrocarbon and water are significant which facili 
tates detection of the hydrocarbon in water. 
0313 The basic operation of the invention is as follows. 
0314. If weather conditions are favourable, the radar acts 
as the primary sensor, continuously monitoring the area of 
interest in the sea surface and generating videos which are 
Subsequently analysed through the radar interpretation algo 
rithm. The output of this algorithm is a signal indicating that 
a spill is present or not. 
0315. If weather conditions are not favourable, i.e., they 
prevent the surface conditions from being detected by the 
radar, the infrared camera acts as the sole sensor for automatic 
monitoring of the area, generating videos which are Subse 
quently processed as described above, with warning signals 
being generated in case of detecting a spill. 
0316. In case that the output 101 of the interpretation 
algorithm 100 of the radar is a signal indicative of spill, it is 
checked 102 whether there is an infrared camera capable of 
monitoring the spill. In case of negative result in checking, a 
warning signal of spill is directly generated 103, since there is 
no camera capable of monitoring the area. At this point it is 
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important to note that when a spill is detected by the radar 
interpretation algorithm 100, the signal indicative of spill is 
not only generated but data about the spill is also sent, such as 
the geographical position of the spill, its shape, or size or 
eXtent. 

0317. In case of positive result in checking, the infrared 
camera is positioned 104 for properly capturing images (usu 
ally in the form of video file or real time video signal) of the 
area of sea surface where spill could have been produced 
considering information on the geographical position pro 
vided by the radar interpretation algorithm. 
0318. The video file or the video signal captured by the 
infrared camera is sent 105 to the camera interpretation algo 
rithm, as described above, to determine 106 whether a spill 
has really been produced. Therefore, it should be checked 107 
whether the output signal of the camera interpretation algo 
rithm is indicative of spill. In case of positive result, it is 
checked 108 whether the radar is operating and in case of 
negative result, a warning signal of spill is generated 109 
solely based on detection carried out by the infrared camera 
interpretation algorithm. 
0319. In case of negative result in checking on whether the 
output signal of the camera interpretation algorithm is indica 
tive of spill, it is checked 110 whether there was a previous 
detection by the radar. In case of positive result, it is not 
possible to generate 111 an alarm without a spill being con 
firmed by the camera interpretation algorithm. In case of 
negative result, the camera 104 is arranged again for obtain 
ing new images on the area of the sea surface in which spill 
could have been produced. 
0320 In case of positive result on whether the radar is 
operating, it is checked 112 whether there have been a previ 
ous detection of spill by the radar. In case of negative result it 
is not possible to generate a warning signal 113 with confir 
mation of the radar. In case of positive result, it is checked 114 
whether spill has been located by the infrared camera inter 
pretation algorithm at the location indicated by the radar. In 
case of negative result, it is not possible to generate a warning 
signal 115. In case of positive result, a warning signal is 
generated 116 as the spill has been confirmed by both the 
radar interpretation algorithm and the infrared camera inter 
pretation algorithm. 
0321. From what is herein described, it is important to note 
that it is also possible to combine the described system (ra 
dar-infrared camera) with other sensors such as visible cam 
eras, ultraviolet cameras or laser fluorosensors. 
0322. Although one particular embodiment of the present 
invention has been depicted and described, it is evident that 
those skilled in the art will be able of providing changes and 
modifications, or replacing the details with other technically 
equivalent without departing from the scope of protection 
defined by the appended claims. 
0323 Also despite the fact that the embodiments of the 
invention described above with reference to the drawings 
comprise computer systems and processes performed incom 
puter systems, the invention also extends to computer pro 
grams, more particularly computer programs in or on a car 
rier, adapted to practice the invention. The computer program 
may be in the form of source code, object code or intermediate 
code between source code and object code. Such as in a 
partially compiled form, or in any other desirable form suit 
able to be used in implementing the processes according to 
the invention. The carrier may be any entity or device capable 
of carrying the program. 
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0324 For example, the carrier may comprise a storage 
medium such as a ROM, for example a CD ROM or a semi 
conductor ROM, or a magnetic recording medium, e.g. a 
floppy disc or a hard disk. In addition, the carrier may be a 
transmissible carrier Such as an electrical or optical signal that 
can be transmitted through an electrical or optical cable or by 
radio or other means. 
0325 When the computer program is contained in a signal 
that can be transmitted directly through a cable or other 
device or means, the carrier may be composed of such cable 
or other device or means. 
0326 Alternatively, the carrier may be an integrated cir 
cuit in which the computer program is embedded, said inte 
grated circuit being adapted to perform, or to be used in 
carrying out, the relevant processes. 

1. A method for detecting hydrocarbon spill in an aqueous 
medium from a plurality of images of the surface of the 
aqueous medium obtained by an infrared camera, compris 
ing: 

Analysing one image of the plurality of images of the 
Surface of the aqueous medium; 

Checking whether at least one region that could be identi 
fied as hydrocarbon spill is displayed in the analysed 
image of the Surface of the aqueous medium; 

In case of a positive result in the checking, 
Assessing whether a point representing a multidimen 

sional vector of characteristics associated with the 
region that could be identified as hydrocarbon spill is 
within a reference Zone defined in a multidimensional 
space, this reference Zone being representative of 
multidimensional vectors of characteristics of regions 
corresponding to actual hydrocarbon spills in the 
aqueous medium; and 
If it is determined that the point representing the mul 

tidimensional vector of characteristics associated 
with the region that could be identified as hydro 
carbon spill is within the Zone, generating a warn 
ing signal of hydrocarbon spill in the aqueous 
medium. 

2. The method of claim 1, wherein analysing one image of 
the plurality of images of the Surface of the aqueous medium 
comprises: 

Segmenting the image of the Surface of the aqueous 
medium in order to split the image into regions; 

Obtaining a multidimensional vector of characteristics rep 
resentative of a static region that could be identified as 
hydrocarbon spill. 

3. The method of claim 2, wherein analysing one image of 
the plurality of images of the Surface of the aqueous medium 
further comprises 

Conditioning the image of the Surface of the aqueous 
medium; 

and wherein segmenting the image of the Surface of the 
aqueous medium comprises: 

Segmenting the conditioned image. 
4. The method of claim3, wherein conditioning the image 

of the Surface of the aqueous medium comprises 
Reducing noise of the image of the Surface of the aqueous 
medium; 

Correcting variations in the image intensity due to differ 
ences in an angle of an infrared camera relative to the 
Surface of the aqueous medium. 
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5. The method of claim 4, wherein conditioning the image 
of the Surface of the aqueous medium further comprises: 

Detecting the aqueous medium in the image. 
6. The method of claim 2, wherein the multidimensional 

vector of characteristics associated with the region that could 
be identified as hydrocarbon spill is the multidimensional 
vector of characteristics representative of the static region 
that could be identified as hydrocarbon spill. 

7. The method of claim 2, wherein, in case of positive result 
in checking of whether at least one region that could be 
identified as hydrocarbon spill is displayed in the analysed 
image of the Surface of the aqueous medium, it comprises: 

Checking whether the region has been previously entered 
into a data repository relating to areas that could be 
identified as hydrocarbon spill in the aqueous medium, 
this repository comprising an identifier of each region 
and a multidimensional vector of characteristics for each 
image analysed region; 

In case of a negative result in the checking, 
Entering an identifier of the region and the multidimen 

sional vector of characteristics obtained from the 
region into the data repository, for the analysed 
image: 

In case of the positive result in the checking, 
Entering the multidimensional vector of characteristics 

obtained from the region for the analysed image into 
the data repository associated with the identifier of the 
region; and 

Generating a multidimensional vector of characteristics 
representative of the dynamics of the region from the 
multidimensional vector of characteristics associated 
with the identifier of the region; 

wherein the multidimensional vector of characteristics 
associated with the region that could be identified as 
hydrocarbon spill is the generated multidimensional 
vector of characteristics representative of the dynamics 
of the region. 

8. A computer program comprising program instructions 
for causing a computer system to execute the method for 
detecting hydrocarbon spill in an aqueous medium from a 
plurality of images of the Surface of the aqueous medium 
obtained by an infrared camera as claimed in claim 1. 

9. The computer program of claim8, wherein it is stored in 
a recording medium. 

10. The computer program of claim 8, wherein it is carried 
by a carrier signal. 

11. An electronic system for detecting hydrocarbon spill in 
an aqueous medium from a plurality of images of the Surface 
of the aqueous medium obtained by an infrared camera, com 
prising: 

Electronic means for analysing an image of the plurality of 
images of the Surface of the aqueous medium; 

Electronic means for checking whether at least one region 
that could be identified as hydrocarbon spill is displayed 
in the analysed image of the Surface of the aqueous 
medium; 

In case of a positive result in the checking, 
Electronic means for providing a multidimensional vec 

tor of characteristics associated with the region that 
could be identified as hydrocarbon spill; 

Electronic means for assessing whether a point repre 
senting the multidimensional vector of characteristics 
associated with the region that could be identified as 
hydrocarbon spill is within a reference Zone defined in 
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a multidimensional space, this reference Zone being 
representative of multidimensional vectors of charac 
teristics of regions corresponding to actual hydrocar 
bon spills in an aqueous medium; and 

Electronic means for generating a warning signal of 
hydrocarbon spill in the aqueous medium, if it is 
determined that the point representing the multidi 
mensional vector of characteristics associated with 
the region that could be identified as hydrocarbon 
spill is within the reference Zone. 

12. A computer system for detecting hydrocarbon spill in 
an aqueous medium, comprising: 
An infrared camera adapted for obtaining a plurality of 

images of the Surface of the aqueous medium; 
A memory and a processor containing instructions stored 

in the memory and executable by the processor, the 
instructions comprising functionality for: 
Analysing one image of the plurality of images of the 

Surface of the aqueous medium obtained by the infra 
red camera; 

Checking whether at least one region that could be iden 
tified as hydrocarbon spill is displayed in the analysed 
image in the Surface of the aqueous medium; 

In case of a positive result in the checking, 
Providing a multidimensional vector of characteris 

tics associated with the region that could be iden 
tified as hydrocarbon spill; 

Assessing whether a point representing the multidi 
mensional vector of characteristics associated with 
the region that could be identified as hydrocarbon 
spill is within a reference Zone defined in a multi 
dimensional space, this reference Zone being rep 
resentative of multidimensional vectors of charac 
teristics of regions corresponding to actual 
hydrocarbon spills in an aqueous medium; and 
If it is determined that the point representing the 

multidimensional vector of characteristics asso 
ciated with the region that could be identified as 
hydrocarbon spill is within the reference Zone, 
generating a warning signal of hydrocarbon spill 
in the aqueous medium. 

13. A method for detecting hydrocarbon spill on the surface 
of an aqueous medium, comprising: 

Receiving a warning signal of detection of hydrocarbon 
spill in the aqueous medium generated from at least one 
image obtained by a radar, 

Checking whether there is an infrared camera capable of 
monitoring the spill; 

In case of a negative result, 
Generating a warning signal of detection of hydrocarbon 

spill in the aqueous medium from the warning signal 
of detection generated from the at least one image 
obtained by a radar; 

In case of a positive result, 
Executing the method for detecting hydrocarbon spill in 

the aqueous medium from a plurality of images of the 
Surface of the aqueous medium obtained by an infra 
red camera as claimed in claim 1. 

14. The method of claim 13, wherein in case of the positive 
result in checking whether there is an infrared camera capable 
of monitoring the spill, it comprises: 

Positioning the infrared camera. 
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15. The method of claim 13, wherein it comprises: 
Receiving a geographical position of the spill in the aque 

ous medium; 
and wherein checking whether there is an infrared camera 

capable of monitoring the spill comprises checking 
whether there is an infrared camera capable of monitor 
ing the Surface of the aqueous medium that is in the 
received geographical position. 

16. A computer program comprising program instructions 
for causing a computer system to execute the method for 
detecting hydrocarbon spill in an aqueous medium as claimed 
in claim 13. 

17. The computer program of claim 16, wherein it is stored 
in a recording media. 

18. The computer program of claim 16, wherein it is carried 
by a carrier signal. 

19. An electronic system for detecting hydrocarbon spillon 
the Surface of an aqueous medium, comprising: 

Electronic means for receiving a warning signal of detec 
tion of hydrocarbon spill in the aqueous medium from 
the warning signal of detection generated from the at 
least one image obtained by a radar; 

Electronic means for checking whether there is an infrared 
camera capable of monitoring the spill; 

In case of a negative result, 
Electronic means for generating a warning signal of 

hydrocarbon spill in the aqueous medium; 
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In case of a positive result, 
Electronic means for executing the method for detecting 

hydrocarbon spill in an aqueous medium from a plu 
rality of images of the Surface of the aqueous medium 
obtained by an infrared camera as claimed in claim 1. 

20. A computer system for detecting hydrocarbon spill in 
the Surface of an aqueous medium, comprising: 
At least one radar, 
At least one infrared camera; 
A memory and a processor containing instructions stored 

in the memory and executable by the processor, the 
instructions comprising functionality for: 
Receiving a warning signal of detection of hydrocarbon 

spill in the aqueous medium generated from at least 
one image obtained by the radar, 

Checking whether there is an infrared camera capable of 
monitoring the spill; 

In case of a negative result, 
Generating a warning signal of hydrocarbon spill in 

the aqueous medium; 
In case of a positive result, 

Executing the method for detecting hydrocarbon spill 
in an aqueous medium from a plurality of images of 
the Surface of the aqueous medium obtained by an 
infrared camera as claimed in claim 1. 
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